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Description 

The  invention  relates  to  a  method  for  the  treatment 
of  sewage  wherein  the  treatment  is  carried  out  with  the 
aid  of  three  different  types  of  biomasses  in  separate  bio- 
reactors. 

Installations  for  the  treatment  of  sewage  are  gener- 
ally  known.  The  aim  with  the  conventional  installations 
is  to  lower  the  content  of  organic  components  and  nitro- 
gen  in  the  effluent. 

However,  with  conventional  installations  of  this  type 
the  phosphorus  content  remains  virtually  unchanged. 

A  drastic  reduction  in  the  discharge  of  the  so-called 
priority  substances,  which  also  include  nitrogen  and 
phosphate,  is  desirable.  New  sewage  treatment  plants 
(STPs)  have  to  be  developed  for  this  drastic  removal  of 
nitrogen  and  phosphate. 

To  date,  STPs  have  been  built  which  partially  treat 
the  (raw)  sewage  with  the  aid  of  physical,  biological 
and/or  chemical  techniques.  A  sewage  treatment  plant 
of  this  type  roughly  consists  of  the  following  compo- 
nents: 

(1)  a  coarse  filter; 
(2)  a  sand  trap; 
(3)  a  pre-settling  tank; 
(4)  a  (partially)  aerated  basin; 
(5)  a  post-settling  tank; 
(6)  a  sludge  thickener;  and 
(7)  if  desired,  a  sludge,  digester  and/or  sludge 
dewatering. 
In  steps  1,  2  and  3,  particles  are  removed  from 
(raw)  sewage  with  the  aid  of  physical  techniques.  In 
step  4  biodegradable  organic  components  are  con- 
sumed  by  micro-organisms.  In  addition  to  hetero- 
trophic  bacteria,  which  convert  biodegradable 
organic  material,  the  mixed  liquor  of  low-loaded 
systems  (e.g.  an  oxidation  ditch  or  carrousel)  also 
contains  autotrophic  nitrifying  bacteria,  which  con- 
vert  ammonia  to  nitrate. 

Sometimes  the  mixed  liquor  of  low  loaded  sewage 
treatment  plants  contains  also  denitrifying  microorgan- 
isms,  which  convert  the  nitrate  formed  into  harmless 
nitrogen  gas.  The  denitrif  ication  in  STPs  is  often  incom- 
plete,  with  the  consequence  that  the  effluent  contains 
relatively  large  amounts  of  nitrate. 

The  sludge  of  highly  loaded  STPs  contains  no  nitri- 
fying  microorganisms  as  a  result  of  which  nitrification 
does  not  take  place.  As  a  consequence  the  effluent 
from  high  loaded  STPs  contains  a  large  amount  of 
ammonium  nitrogen. 

Only  about  30%  of  the  phosphate  in  the  raw  sew- 
age  is  removed  in  the  existing  sewage  treatment  plants 
with  the  consequence  that  the  effluent  contains  a  rela- 
tively  high  concentration  of  phosphate. 

DE-A-3  619  229  describes  a  multi-stage  process 
and  multi-stage  reactor  for  the  purification  of  waste 
water  by  biological  oxidation  of  organic  hydrocarbon 

compounds,  a  biological  nitrogen  elimination  without 
external  H-donors  and  a  subsequent  filtration.  This  pub- 
lication  describes  in  particular  a  first  step  for  BOD  elim- 
ination,  followed  by  a  nitrifying  step.  In  a  third  step 

5  filtration  and  elimination  of  phosphorus  occur.  In  two 
side  steps  denitrification  by  biological  means  and 
removal  of  phosphate  by  means  of  chemical  precipita- 
tion  with  a  f  locculation  agent  are  carried  out.  The  waste 
water  first  passes  a  pre-sedimentation  tank;  the  denitri- 

10  fication  is  combined  with  a  post-sedimentation  tank. 
These  known  methods  and  multi-stage  reactor  is  not 
well  suited  for  the  decontamination  of  waste  water  or 
sewage.  A  simpler  and  more  effective  method  would  be 
desirable. 

15  WO-A-91/17959,  which  comprises  state  of  the  art 
in  accordance  with  Art.  54(3)  EPC,  describes  a  system 
for  the  treatment  of  sewage,  which  system  comprises 
three  phases,  i.e.  biological  removal  of  phosphate,  den- 
itrification  and  nitrification.  In  this  system  there  are  only 

20  two  types  of  sludge  as  in  the  second  step  and  the  third 
step  the  same  type  of  sludge  is  present.  In  the  system 
of  this  publication,  the  sludge  is  present  in  a  suspended 
form  (slurry). 

A  method  of  the  type  described  in  the  preamble  has 
25  now  been  found,  which  is  characterised  in  that  the  treat- 

ment  is  carried  out  with  the  aid  of  three  types  of  bio- 
masses,  in  which  method 

a)  in  a  first  step  phosphate  is  removed  by  biological 
30  means  and,  at  the  same  time,  the  chemical  and  bio- 

logical  oxygen  demand  are  reduced  in  a  highly 
loaded  activated  sludge  system  with  a  sludge  load- 
ing  of  more  than  0.  1  5  kg  COD  per  kg  dry  substance 
per  day, 

35  b)  in  a  second  step,  a  nitrification  is  carried  out  in  a 
biofilmreactor,  ammonium  being  converted  to 
nitrate,  wherein  the  oxygen  concentration  in  the 
water  phase  of  the  nitrifying  reactor  must  not  fall 
below  1  .5  mg  02/l,  and 

40  c)  in  a  third  step,  a  denitrification  is  carried  out  in  a 
biofilmreactor  using  a  carbon  source,  wherein  the 
first  step  is  carried  out  in  more  than  one  highly 
loaded  plug  flow  reactor,  first  an  anaerobic  and  then 
an  aerobic  treatment  being  used  in  the  reactors, 

45  and  wherein  there  is  an  intermediate  settling  tank 
between  the  first  and  second  step. 

The  use  of  three  specific  bioreactors  results  in  bio- 
masses  which  possess  high  specific  activities.  As  a 

so  consequence  each  bioreactor  can  be  small  and  the 
overall  installation  can  be  compact. 

In  particular,  the  second  and  third  step  are  carried 
out  in  a  biofilm  reactor. 

With  this  method  it  is  possible  to  use  high  hydraulic 
55  loadings  and  as  a  result  short  hydraulic  retention  times. 

While  using  three  types  of  specific  biomasses  for  treat- 
ing  of  sewage  far-reaching  removal  of  COD,  phospho- 
rus  and  nitrogen  from  sewage  is  also  found  to  be 
possible. 
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The  term  "sewage"  or  "raw  sewage"  as  used  in  this 
application  comprises  not  only  sewage  from  (municipal) 
sewage  plants,  but  also  waste  water  from  other  sources, 
e.g.  the  bio-industry  such  as  waste  water  from  sugar 
beet  processing  and  (diluted)  manure.  Any  comparable 
waste  stream  may  be  processed  according  to  the 
present  invention. 

The  new  method  for  treating  of  sewage  can  also  be 
operated  in  an  alternative  configuration: 

1)  Biological  phosphorus  removal  and  simultane- 
ous  reduction  of  COD, 
2)  denitrification,  preferably  in  a  biofilm  reactor  and 
3)  nitrification,  preferably  in  a  biofilm  reactor. 
Accordingly,  the  invention  also  relates  to  a  method 
for  the  treatment  of  sewage,  wherein  the  treatment 
is  carried  out  with  the  aid  of  three  different  types  of 
biomasses  in  separate  bioreactors,  in  which 
method 

a)  in  a  first  step  phosphate  is  removed  by  bio- 
logical  means  and,  at  the  same  time,  the  chem- 
ical  and  biological  oxygen  demand  are  reduced 
in  a  highly  loaded  activated  sludge  system  with 
a  sludge  loading  of  more  than  0.  1  5  kg  COD  per 
kg  dry  substance  per  day, 
b')  in  a  second  step,  a  denitrification  is  carried 
out  in  a  biofilmreactor  using  a  carbon  source, 
c')  in  a  third  step,  a  nitrification  is  carried  out  in 
a  biofilmreactor,  ammonium  being  converted  to 
nitrate,  wherein  the  oxygen  concentration  in  the 
water  phase  of  the  nitrifying  reactor  must  not 
fall  below  1  .5  mg  02/l,  effluent  of  the  nitrifying 
bioreactor  is  recirculated  to  the  denitrifying  bio- 
reactor,  and 
wherein  the  first  step  is  carried  out  in  more  than 
one  highly  loaded  plug  flow  reactor,  first  and 
anaerobic  and  then  an  aerobic  treatment  being 
used  in  the  reactors,  and  wherein  there  is  an 
intermediate  settling  tank  between  the  first  and 
second  step. 

In  this  alternative  mode  of  operation  effluent  of  the 
nitrifying  bioreactor  has  to  be  recirculated  to  the  denitri- 
fying  bioreactor.  The  advantage  of  the  alternative  con- 
figuration  is  a  minimalization  in  the  use  of  an  additional 
carbon  source  in  the  denitrifying  step,  while  COD  in  the 
effluent  from  the  first  step  can  be  used  for  denitrification. 

Sewage  which  has  not  been  pre-settled  can  be 
treated  using  the  method  according  to  the  invention.  Of 
course,  the  ability  to  dispense  with  pre-settling  is  a  con- 
siderable  advantage. 

An  advantage  of  the  invention  is  that  the  new 
method  can  be  installed  simply  and  effectively  in  an 
existing  STR 

In  the  method  according  to  the  invention,  process 
conditions  which  allow  the  biological  removal  of  phos- 
phate  to  proceed  in  conjunction  with  a  lowering  of  the 
COD  and  BOD  are  created  in  step  a). 

A  new  element  in  this  method  is  that  in  step  a)  a 
biomass  is  cultured  which  is  able  to  remove  phosphate 
by  biological  means  and  is  also  able  to  oxidize  organic 
components  (BOD)  at  high  sludge  loading.  As  a  result 

5  of  the  high  sludge  loading,  no  nitrification  occurs,  which 
is  advantageous  in  respect  of  the  absorption  of  P  by  the 
sludge.  This  is  because  nitrate  interferes  in  the  biologi- 
cal  removal  of  phosphate.  The  surplus  sludge  can  also 
be  readily  acidified,  as  a  result  of  which  a  large  amount 

10  of  fatty  acids  become  available,  which  fatty  acids  can  be 
used  as  the  main  carbon  source  in  the  denitrification 
step. 

Physico-chemical  processes  also  remove  compo- 
nents  in  biological  P-removing  step  a).  The  effluent  from 

15  step  a)  will  still  contain  NKj  in  relation  to  the  residual 
fraction  of  COD  and  BOD. 

In  step  b)  nitrification  is  carried  out  in  e.g.  a  fixed 
film  bioreactor  and  ammonium  is  converted  to  nitrate. 
There  can  be  interference  in  the  nitrifying  bioreactor  if 

20  heterotrophic  bacteria,  which  use  BOD  in  the  influent  as 
growth  substrate,  start  to  overgrow  the  nitrifying  bacte- 
ria.  Preferably,  a  biomass  which  grows  on  a  support 
material  is  used  in  this  step,  e.g.  Polacel,  reticulated 
polyurethane  or  any  other  support  material.  The  mixing 

25  in  the  reactor  is  expediently  maintained  by  aeration 
under  the  packages  of  support  material.  Preferably  the 
biofilm  on  the  support  material  is  not  allowed  to  become 
thick  in  order  to  prevent  clogging  of  the  support  material 
and  anaerobic  conditions  in  the  biofilm.  The  thickness  of 

30  the  biofilm  on  the  support  material  can  expediently  be 
influenced  by  means  of  the  aeration  regime  or  by  means 
of  the  hydraulic  loading.  The  BOD/NKj  ratio  in  the  nitrifi- 
cation  is  preferably  0.5-1  .5. 

In  the  first  mode  of  operation  of  the  invention  the 
35  denitrifying  reactor  is  supplied  with  effluent  from  the 

nitrifying  reactor.  In  this  step  a  denitrification  is  carried 
out  using  a  carbon  source.  Suitable  external  carbon 
sources  are,  for  example,  methanol  or  natural  gas.  Fatty 
acids  can,  for  example,  be  used  as  an  internal  carbon 

40  source.  In  this  third  step,  a  propeller  stirrer  or  impeller 
stirrer,  which  may  be  placed  centrally  in  the  vessel,  is 
preferably  used  to  active  proper  mixing.  In  this  step  Pol- 
acel,  reticulated  polyurethane  or  any  other  carrier  mate- 
rial  can  be  used  as  the  support  material  for  the  biomass. 

45  This  configuration  of  the  denitrifying  reactor  and  the  use 
of  a  support  material  for  the  biomass  in  a  step  like  this 
type  is  novel.  The  thickness  of  the  biofilm  on  the  support 
material  is  controlled  by  varying  the  flow  rate  of  the 
water  mass  over  the  support  material  by  means  of  the 

so  stirrer.  By  raising  the  flow  rate  the  shear  will  be 
increased. 

The  invention  relates  also  to  a  denitrification  reactor 
containing  a  support  material  for  denitrifying  micro- 
organism,  said  reactor  comprising  means  for  keeping  in 

55  motion  the  material  to  be  denitrified,  in  particular  a  stir- 
rer.  By  stirring  the  penetration  of  liquid  through  the  car- 
rier  material  is  improved.  This  embodiment  is  illustrated 
in  the  above  paragraph  and  further  below. 

The  alternative  configuration  of  the  present  inven- 

3 
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tion  uses  the  same  bioreactors.  However,  the  order  of 
the  second  and  third  step  are  inverted,  which  means 
that  the  nitrifying  and  denitrifying  bioreactors  are 
exchanged.  The  alternative  configuration  results  in  a 
different  flow  scheme.  Effluent  from  the  biologically  P-  5 
removing  step  flows  directly  to  the  denitrifying  bioreac- 
tor  together  with  recirculated  effluent  from  the  nitrifying 
bioreactor.  The  advantage  of  the  alternative  mode  of 
operation  is  a  reduction  in  the  use  of  an  additional  car- 
bon  source  in  the  denitrifying  step,  while  residual  COD  w 
in  the  effluent  of  the  first  step  can  be  used  for  denitrifica- 
tion.  Moreover,  the  effluent  obtained  according  to  the 
method  of  the  invention  will  contain  oxygen  because  of 
aeration  in  the  nitrifying  bioreactor. 

An  installation  according  to  the  invention  is  shown  is 
diagrammatically  in  Fig.  1.  The  configuration  of  the 
installation  in  Figure  1  is  according  to  the  main  flow 
scheme: 

1.  biological  P-removal,  simultaneous  COD  reduc-  20 
tion, 
2.  nitrification,  and 
3.  denitrification. 

In  this  figure  means  1  the  influent  from  the  first  step,  2  25 
indicates  the  return  sludge,  3  is  the  stirred  anaerobic 
reactor  of  the  first  step,  4  is  the  aerated  reactor  of  the 
first  step  and  5  is  an  intermediate  settling  tank,  from 
which  surplus  sludge  6  is  discharged  and  from  which, 
via  line  2,  return  sludge  is  also  fed  to  the  first  reactor.  30 

Effluent  passes  from  the  intermediate  settling  tank 
(5)  via  line  9  to  the  second,  nitrifying  step  (10).  From 
(10)  the  water  flows  via  line  13  to  the  third,  denitrifying 
step  in  tank  (12),  which  is  provided  with  an  inlet  for  a 
carbon  source  (14)  and  is  also  provided  with  an  over-  35 
flow  (16).  The  effluent  of  the  denitrifying  step  can  even- 
tually  be  polished  to  remove  suspended  solids  by 
means  of  a  microstrain,  Dynasand  or  comparable  instal- 
lations. 

The  first  step  is  inoculated  with  biologically  dephos-  40 
phating  sludge  and  the  second  step  is  inoculated  with 
nitrifying  sludge.  The  third  step  is  inoculated  with  deni- 
trifying  sludge.  The  bioreactors  must  not  be  too  highly 
loaded  in  the  start-up  stage.  All  these  measures  will 
lead  to  an  efficient  and  reliable  system.  45 

In  order  to  prevent  nitrification  being  inhibited,  the 
oxygen  concentration  in  the  water  phase  of  the  nitrifying 
reactor  must  not  fall  below  1  .5  mg  02/l. 

The  third,  denitrifying  step  is  fed  with  effluent  from 
the  second,  nitrifying  step  which  contains  hardly  any  so 
COD.  Carbon  sources  are  needed  for  denitrification 
and,  therefore,  these  must  be  added  in  the  third  step. 
This  can  be  effected,  for  example,  by  the  addition  of 
methanol,  or  also  by  internally  generated  fatty  acids, 
e.g.  acidified  surplus  sludge  as  BOD  source  for  denitri-  55 
fication  can  also  be  utilised. 

The  biomass  in  the  third  step  will  predominantly 
consist  of  denitrifying  bacteria.  Depending  on  the  oxy- 
gen  content  in  step  2,  the  influent  of  the  denitrifying  bio- 

reactor  still  contains  oxygen,  which  first  has  to  be 
removed  before  nitrate  can  be  reduced.  The  water  will 
therefore  have  to  remain  in  the  ideally  mixed  reactor  for 
a  minimum  period  before  all  of  the  nitrate  has  been  con- 
verted  to  nitrogen  gas. 

The  metering  of  the  carbon  source  must  be  well 
matched  to  the  nitrate  content  of  the  influent  in  order  to 
prevent  BOD  or  nitrate  passing  into  the  effluent.  Values 
of  about  2.5  (g/g)  for  the  methanol/N03-N  ratio  are  dis- 
closed  in  the  literature:  J.  P.  van  der  Hoek,  P.J.M.  Latour 
en  A.  Klapwijk,  Denitrification  with  methanol  in  the  pres- 
ence  of  high  salt  concentration  and  at  high  pH  levels, 
Applied  Microbiology  Biotechnology  (1987),  27,  199- 
205. 

Frequently  it  can  be  advantageous  to  extend  the 
described  installation  using  components  known  per  se, 
such  as  a  coarse  grid,  a  sand  trap  and  a  pre-settling 
tank  as  pretreatment  system.  If  sludge  is  rinsed  out  in 
the  third  step,  the  effluent  must  be  subjected  to  a  post- 
treatment,  in  which  the  suspended  matter  is  removed. 

In  the  alternative  configuration  of  the  present  inven- 
tion  the  nitrifying  bioreactor  is  situated  after  the  denitri- 
fying  bioreactor.  The  effluent  of  the  nitrifying  bioreactor 
has  to  be  recirculated  to  the  denitrifying  bioreactor. 
Residual  COD  in  the  effluent  of  the  first  bioreactor  can 
be  used  for  denitrification  of  the  nitrate.  Eventually  addi- 
tional  carbon  source  (14)  has  to  be  added. 

The  first  bioreactor  is  a  highly  loaded  plug  flow 
reactor  and  is  filled  with  flocculated  activated  sludge  (3 
and  4).  The  activated  sludge  possesses  a  high  activity, 
with  the  consequence  that  the  hydraulic  residence  time 
is  short.  As  a  result  of  the  high  sludge  loading  nitrifying 
bacteria  are  washed  our  of  the  system.  By  applying  spe- 
cific  process  conditions  the  growth  of  phosphate-accu- 
mulating  bacteria,  including  Acinetobacter.  and  of 
heterotrophic  bacteria  is  stimulated. 

The  expression  "highly  loaded"  is  well-known  in  the 
present  art.  In  general,  "highly  loaded"  means  more 
than  0.15,  in  particular  more  than  0.3  kg  COD  per  kg  dry 
substance  per  day.  A  maximum  value  may  be  in  the 
order  of  3  kg  COD  per  kg  dry  substance  per  day.  A  pre- 
ferred  range  is  about  0.3-1  kg  COD  per  kg  dry  sub- 
stance  per  day. 

The  first  section  of  reactor  (3)  is  not  aerated  and 
must  be  stirred,  whilst  the  second  section  is  aerated.  In 
this  section  mixing  takes  place  by  means  of  aeration. 
This  bioreactor  can  be  supplied  with  raw  or  pre-settled 
sewage.  The  advantage  of  an  operation  using  raw  efflu- 
ent  is  that  a  pre-settling  tank  is  saved. 

Sewage  is  mixed  together  with  the  return  sludge  (2) 
in  the  non-aerated  stage  (3).  After  a  minimum  residence 
time,  during  which  the  phosphate-accumulating  sludge 
liberates  the  phosphate,  the  mixed  liquor  passes  into 
the  aerated  zone  (4),  where  the  phosphate  is  taken  up. 
Acinetobacter  and  other  phosphate-accumulating 
micro-organisms  are  able  to  store  high  amounts  of 
phosphate,  up  to  10  %  by  weight  as  polyphosphate 
inside  the  cells.  This  quality  of  the  micro-organisms  is 
used  to  remove  phosphate  from  sewage. 

4 
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The  mixed  liquor  is  separated  into  its  components 
in  the  intermediate  settling  tank  (5).  The  phosphate 
loading  introduced  with  the  sewage  is  removed  via  the 
surplus  sludge  (6).  In  the  intermediate  settling  tank  (5) 
there  can  be  said  to  be  a  slight  release  of  phosphate  by 
the  settled  sludge  as  a  consequence  of  anaerobic  con- 
ditions.  To  prevent  release  of  phosphorus  by  the  P- 
accumulating  micro-organisms  in  the  sedimentation 
basin  the  retention  time  of  the  slude  in  the  basin  has  to 
be  short.  However,  the  residence  time  in  the  intermedi- 
ate  settling  tank  of  this  invention  can  be  short  since  the 
sludge  has  acquired  good  settling  characteristics  as  a 
result  of  the  high  loadings. 

In  addition,  the  degradation  of  biodegradable 
organic  components  takes  place  throughout  the  entire 
first  bioreactor  (3  +  4),  as  a  result  of  which  the 
COD/BOD  content  of  the  sewage  is  greatly  reduced.  A 
fraction  of  the  amount  of  nitrogen  supplied  is  taken  up 
by  the  biomass  (e.g.  about  10  %  by  weight). 

The  effluent  from  the  highly  loaded  first  step  there- 
fore  contains  little  phosphate  (for  example  <1  mg/l)  and 
little  COD  (<100  mg/l),  but  it  still  contains  a  relatively 
large  amount  of  nitrogen  (>40  mg/l). 

The  nitrogen  which  is  present  in  the  effluent  from 
the  first  step  is  nitrified  (10)  in  the  second,  nitrifying  step. 
The  second  step  can  be  a  plug  flow  or  mixed  system  in 
which  nitrifying  organisms  adhere  to  a  support  material. 
Diverse  support  materials  can  be  used.  In  the  examples 
Polacel  "type  CF"  from  Polacel  B.V.,  is  used;  a  material 
which  is  also  used  as  support  material  for  micro-organ- 
isms  in  rotating  biological  discs.  Polacel  has  a  high  spe- 
cific  surface  area  (up  to  250  m2/m3),  as  a  result  of  which 
high  biomass  concentrations  are  achievable.  Other  sup- 
port  materials  can  also  be  used,  e.g.  reticulated  poly- 
urethane. 

The  requisite  oxygen  is  introduced  with  the  aid  of 
bubble  aeration.  By  selecting  a  favourable  reactor  con- 
figuration,  natural  circulation  in  the  reactor  can  be  cre- 
ated  by  the  aeration. 

As  a  consequence  of  the  reaction  of  ammonium  to 
nitrate  by  nitrifying  bacteria,  protons  are  formed,  as  a 
result  of  which  the  pH  of  the  water  will  fall.  If  sewage  is 
treated,  which  has  a  deficiency  of  buffering  capacity,  a 
pH  control  probably  has  to  be  provided  in  the  second 
step  in  order  to  prevent  the  aqueous  phase  becoming 
too  acid  (pH  >6.5). 

The  effluent  from  the  nitrifying  bioreactor  contains  a 
large  amount  of  nitrate,  which  has  to  be  removed  before 
it  can  be  discharged  into  the  surface  water.  The  conver- 
sion  of  nitrate  to  nitrogen  gas  by  means  of  denitrifying 
organisms  takes  place  in  the  third,  denitrifying  step. 

The  denitrifying  bioreactor  (12)  may  be  a  fixed  film 
process.  Corresponding  to  the  nitrification  step  (10),  a 
system  with  internal  circulation  (ideally  mixed)  can  be 
chosen.  However,  this  will  have  to  be  created  artificially, 
for  example  with  the  aid  of  a  propeller,  e.g.  placed  in  the 
middle  of  the  reactor. 

A  close  to  ideal  mixer  is  obtained  by  this  configura- 
tion,  which  is  advantageous  for  the  system.  Any  compo- 

nents  which  are  toxic  to  the  denitrifying  microorganisms 
are  substantially  diluted,  with  the  consequence  that  the 
risk  of  deactivation  is  low. 

An  additional  carbon  source  must  be  added  to  the 
5  influent  of  the  denitrifying  step  (1  2)  in  order  to  prevent 

the  activity  of  the  heterotrophic  denitrifying  bacteria 
being  carbon-limited. 

The  use  of  a  carbon  source,  for  example  methanol, 
lower  fatty  acids  or  methane,  must  be  matched  well  to 

10  the  nitrate  content  in  the  influent  of  the  third  step.  If  the 
amount  of  carbon  source  is  too  high  in  relation  to  the 
amount  of  nitrate,  the  BOD  content  in  the  effluent 
increases,  which  is  undesirable.  On  the  other  hand,  the 
nitrate  content  in  the  effluent  increases  if  the  carbon 

15  source  is  added  in  an  amount  which  is  too  low  in  relation 
to  the  nitrate  content. 

The  alternative  configuration  of  the  present  inven- 
tion  where  the  nitrifying  and  denitrifying  bioreactors  are 
inverted,  uses  suspended  activated  sludge  for  the  bio- 

20  logical  P-removing  bioreactor  and  fixed  micro-organ- 
isms  for  the  nitrifying  and  denitrifying  bioreactors  as 
well.  The  effluent  of  the  biological  P-removing  step  still 
contains  residual  COD  which  can  be  used  for  denitrifi- 
cation  which  is  an  advantage  of  the  alternative  conf  igu- 

25  ration.  As  a  result  the  added  amount  of  external  carbon 
source  for  the  denitrifying  micro-organisms  can  be 
reduced.  Moreover,  the  addition  of  the  carbon  source 
does  not  have  to  be  dosed  very  accurately,  because  in 
the  aerobic  nitrifying  bioreactor  the  COD  will  be  oxi- 

30  dized.  At  the  same  time  the  effluent  of  the  nitrifying  bio- 
reactor  will  contain  oxygen  due  to  the  aeration,  which  is 
an  advantage  too. 

The  reactor  design  described  here  is  able  to  treat 
communal  sewage  rapidly  and  efficiently.  It  is  pointed 

35  out  that  high  removal  yields  with  respect  to  COD/BOD, 
nitrogen  and  phosphate  are  achievable  with  this  sys- 
tem.  Thus,  a  sewage  treatment  plant  can  be  obtained 
which  takes  up  relatively  little  space. 

In  Figure  2  a  method  in  which  the  emphasis  is  on 
40  the  generation  of  the  carbon  source  for  the  denitrifica- 

tion  is  shown  diagrammatically.  In  this  figure,  the  sym- 
bols  have  the  same  meaning  as  in  Figure  1  .  As  already 
described  above,  a  carbon  source  is  needed  in  order  to 
convert  the  nitrate  into  nitrogen  gas  with  the  aid  of  den- 

45  itrifying  bacteria  in  the  third,  denitrifying  reactor  (12).  In 
the  two  preceding  steps,  the  BOD  has  been  largely 
removed,  with  the  result  that  insufficient  BOD  is  present 
in  the  influent  of  the  third,  denitrifying  step  for  a  com- 
plete  denitrification  of  the  nitrate.  The  carbon  source 

so  can  be  generated  within  the  STP  by  acidifying  surplus 
sludge  from  the  first  bioreactor  in  an  acidification  reactor 
(17).  As  a  result  of  the  anaerobic  conditions  which  pre- 
vail  in  the  anaerobic  acidification  reactor  fatty  acids  are 
liberated  from  the  surplus  sludge. 

55  The  residence  time  in  the  acidification  reactor  can 
be  relatively  short,  in  order  to  prevent  methanogenic 
bacteria  further  converting  fatty  acids  formed  into 
biogas.  This  technique  can  advantageously  be  com- 
bined  with  the  method  according  to  the  invention. 

5 
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The  flow  chart  in  which  a  carbon  source  is  gener- 
ated  by  means  of  acidification  of  sludge  can  be  repre- 
sented  as  described  in  Figure  2.  In  this  context  account 
must  be  taken  of  the  surplus  sludge,  which  contains 
high  concentrations  of  phosphate,  which  is  liberated 
under  anaerobic  conditions.  In  addition  to  fatty  acids, 
the  acidified  sludge  contains  a  relatively  high  concentra- 
tion  of  phosphate  and  suspended  matter.  The  sludge 
can  be  separated  from  the  water  phase  by  means  of  a 
settling  or  filtration  step.  The  water  phase,  containing 
fatty  acids  and  phosphate,  then  passes  through  a  phos- 
phate  precipitation  step  (20),  in  which  the  phosphate  is 
precipitated  by  means  of  flocculation  using  a  flocculat- 
ing  agent,  for  example  slaked  lime  or  sodium  hydroxide 
solution,  and  precipitation.  The  fatty  acids  which  have 
remained  in  the  water  phase  can  act  as  carbon  source 
in  the  third,  denitrifying  step  (12). 

The  modification  shown  in  Figure  3  is  recycling  of 
nitrate-containing  water  to  the  aerated  section  of  the 
biological  P-removing  step  (4). 

It  is  known  (Vlekke  et  al.,  Environ.  Techn.  Lett.  9, 
pp.  791-796)  that  phosphate-accumulating  bacteria  are 
able  to  utilise  not  only  oxygen  but  also  nitrate  as  an 
electron  acceptor.  The  phosphate-accumulating  capac- 
ity  of  bacteria  is  not  affected  by  the  use  of  nitrate  instead 
of  oxygen.  By  recycling  a  portion  of  nitrate-containing 
effluent  from  the  nitrifying  bioreactor  into  the  first  step, 
the  aeration  in  the  first  reactor  can  be  reduced,  as  a 
result  of  which  the  operating  costs  of  the  system  can  be 
reduced.  If  desired,  the  nitrate  can  first  be  concentrated 
using,  for  example,  a  substrate-specific  membrane  or 
an  ion-exchanger  and  then  added  in  the  form  of  a  con- 
centrated  solution  to  the  first  step. 

Of  course,  the  recycling  of  nitrate-containing  water 
must  be  matched  to  the  requirements. 

Another  advantage  of  recycling  nitrate-containing 
effluent  to  the  first  step  is  the  reduced  supply  of  nitrate 
to  the  third  step,  with  the  consequence  that  the  carbon 
consumption  can  be  saved  in  the  third  step.  The  latter 
also  results  in  a  reduction  in  the  operating  costs  of  the 
present  invention. 

The  measures  of  the  invention  as  described  above 
can  also  be  used  in  the  alternative  configuration,  where 
the  nitrifying  bioreactor  is  situated  behind  the  denitrify- 
ing  bioreactor. 

Example  1 

The  treatment  was  carried  out  in  a  test  set-up  on 
pilot  scale,  constructed  in  accordance  with  the  flow 
chart  in  Figure  1.  Hydraulic  aspects  of  the  individual 
steps  were  studied  in  this  setup.  The  first  step  com- 
prises  two  rectangular  PVC  tanks  (each  of  100  litres 
capacity),  which  are  connected  in  series,  with  a  settling 
tank  downstream.  Each  tank  is  divided  by  partitions  into 
six  compartments,  which  are  connected  to  one  another 
via  round  holes  in  the  partitions.  A  plug  flow  reactor  is 
obtained  by  means  of  this  configuration. 

Compartments  1  to  6  are  stirred  by  means  of  pad- 

dle  stirrers  and  compartments  7  to  12  are  mixed  by 
means  of  aeration. 

The  second  step  comprises  a  rectangular  stain- 
less-steel  reactor  (capacity  200  litres)  and  is  60%  filled 

5  with  Polacel  support  material  (250  m2/m3).  The  bioreac- 
tor  is  aerated  by  means  of  bubble  aeration  beneath  the 
two  packages  of  support  material. 

The  third  step  is  a  circular  stainless-steel  reactor 
(200  litres),  which  is  80%  filled  with  the  packing  mate- 

10  rial. 
A  propellor  which  is  driven  by  a  motor  (50  rpm), 

which  ensures  flow  and  mixing,  is  placed  in  a  vertical 
column  in  the  centre  of  this  reactor  (3). 

The  flow  and  mixing  patterns  were  studied  with  the 
15  aid  of  dyes.  Pulsed  metering  into  the  first  reactor 

showed  that  the  reactor  consists  of  9.5  mixers,  while 
10%  of  the  reactor  consists  of  "dead  space".  The 
expected  number  of  12  mixers  in  series  was  not 
achieved  and  the  "dead  space"  was  also  relatively  large 

20  and  for  this  reason  the  aeration  intensity  and  the  stirring 
frequency  were  increased.  Both  modifications  yielded 
the  desired  result. 

A  pulse  injection  of  dye  (fluorescein)  into  the  sec- 
ond  step  showed  that  the  mixing  pattern  of  the  reactor 

25  virtually  approached  that  of  an  ideal  mixer.  The  number 
of  mixing  steps  was  1  .6  and  the  "dead  space"  5%. 

Ideal  mixing  behaviour  was  also  observed  in  the 
third  step;  the  number  of  mixing  steps  was  1  .6  and  the 
dead  space  1  8%.  It  can  be  seen  from  the  results  that, 

30  after  carrying  out  a  few  modifications,  the  flow  profiles  of 
the  individual  steps  comply  with  the  expected  pattern. 

Example  2 

35  After  the  reactor  had  been  inoculated  with  phos- 
phate-accumulating  sludge,  the  first  step  of  the  pilot 
plant  was  fed  with  sewage  which  had  not  been  pre-set- 
tled.  By  inoculating  the  reactor  with  specific  sludge,  the 
start-up  stage  was  relatively  short  (one  week).  The 

40  hydraulic  residence  time  was  six  hours  and  the  sludge 
loading  was  0.45  kg  COD/kg  of  dry  solids/day.  In  this 
step  COD  and  the  phosphate  are  the  most  important 
components  which  have  to  be  removed.  For  this  reason 
only  the  contents  of  these  components  in  the  influent 

45  and  effluent  for  the  first  step  are  shown  in  Figures  4  and 
5.  The  values  shown  are  the  results  for  non-filtered 
samples  of  influent  and  effluent. 

The  influent  phosphate  concentration  varied 
between  5  and  1  4  mg  P/l  and  the  effluent  content  was 

so  on  average  lower  than  1  .0  mg  P/l.  A  few  results  which 
fall  outside  the  general  pattern  can  be  seen  in  the  fig- 
ures;  these  were  the  result  of  rainfall,  which  substan- 
tially  diluted  the  sewage,  and  of  mechanical  faults  when 
taking  samples  and  in  the  test  set-up. 

55  The  effluent  total  phosphate  concentration  was 
adversely  affected  in  a  few  measurements  as  a  result  of 
washing  out  of  sludge. 

The  COD  content  in  the  effluent  was  less  than  100 
mg  02/l  and  a  treatment  yield  of  more  than  85%  was 

6 
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achieved. 
This  experiment  shows  that  the  first  step  can  be 

used  to  remove  phosphate  and  organic  components 
from  sewage. 

5 
Example  3 

After  inoculating  with  nitrifying  sludge  from  a  low- 
loaded  activated  sludge  test  set-up,  the  second  step 
was  fed  with  effluent  from  the  first  step.  The  hydraulic  to 
residence  time  was  six  hours  and  the  average  nitrogen 
sludge  loading  1.1  g  NKj/m2.day  Figure  6  shows  the 
change  in  the  Kjedahl  nitrogen  in  the  influent  and  the 
effluent  as  a  function  of  time.  The  samples  are  non-fil- 
tered  mixed  samples  from  2,  3  or  4  days.  The  change  in  ts 
the  nitrate  content  in  the  effluent  from  the  second  step 
as  a  function  of  time  is  also  shown  in  Figure  6. 

It  can  be  seen  from  Figure  6  that  the  second  step  is 
capable  of  converting  the  Kjedahl-nitrogen  to  nitrate.  It 
can  clearly  be  seen  that  a  start-up  period  of  a  few  20 
weeks  was  required. 

After  a  start-up  stage,  a  thin  biofilm,  which  had  a 
high  nitrification  activity  (1  g  NH4-N/m2.day),  formed  on 
the  support  material.  The  nitrite  content  in  the  reactor 
was  less  than  1  mg  N02-N/l  throughout  the  entire  exper-  25 
iment  and  is  not  shown  in  the  graph. 

The  above  demonstrated  that  the  test  set-up  in  the 
configuration  used  is  suitable  for  use.  The  mixing  in  the 
reactor  is  good  and  good  nitrification  took  place. 

30 
Example  4 

The  nitrate  formed  in  the  second  step  is  converted 
to  mainly  elemental  nitrogen  in  the  third  step,  with  the 
aid  of  denitrifying  microorganisms.  Methanol  was  used  35 
as  external  carbon  source  for  the  denitrifying  microor- 
ganisms.  The  results  of  an  experiment  with  the  denitrifi- 
cation  reactor  are  shown  in  Figure  7.  For  this 
experiment  the  third  step  was  inoculated  with  denitrify- 
ing  sludge  from  a  denitrifying  STR  after  which  the  reac-  40 
tor  was  fed  with  effluent  from  the  second  step.  The 
hydraulic  residence  time  was  six  hours. 

The  nitrate  content  in  the  influent  was  low  in  the  ini- 
tial  phase,  with  the  consequence  that  the  nitrate-nitro- 
gen  loading  was  low;  however,  after  a  few  weeks,  the  45 
nitrate  content  in  the  influent  increased,  after  which  a 
maximum  nitrate-N  sludge  loading  of  1  .2  g  N03-N/m2.d 
was  obtained. 

The  biofilm  which  formed  on  the  support  material 
had  good  adhesion  characteristics.  Although  washed  so 
out  sludge  regularly  occurred  in  the  effluent,  the  content 
of  suspended  matter  was  found  to  be  no  higher  than 
that  in  conventional  STPs.  It  is  possible  that  an  effluent 
polishing  step  will  have  to  be  incorporated  downstream. 

Methanol  was  a  good  carbon  source  for  denitrifying  55 
organisms;  nitrate  effluent  values  of  0-1  .5  mg/l  were  no 
exception.  The  pH  in  the  reactor  rose  as  a  consequence 
of  the  denitrification  activity  to  values  of  pH  7.5.  The  rise 
in  pH  was  substantially  caused  by  an  increase  in  bicar- 

bonate. 
This  example  clearly  shows  that  the  designed  bio- 

reactor  can  be  used  as  a  denitrification  reactor.  How- 
ever,  a  carbon  source  has  to  be  added  in  order  to  allow 
the  denitrification  to  proceed. 

The  experiments  show  that  the  invention  described 
here  can  be  used  in  order  to  treat  communal  sewage 
efficiently  and  extensively. 

Claims 

1.  Method  for  the  treatment  of  sewage,  wherein  the 
treatment  is  carried  out  with  the  aid  of  three  differ- 
ent  types  of  biomasses  in  separate  bioreactors,  in 
which  method 

a)  in  a  first  step  phosphate  is  removed  by  bio- 
logical  means  and,  at  the  same  time,  the  chem- 
ical  and  biological  oxygen  demand  are  reduced 
in  a  highly  loaded  activated  sludge  system  with 
a  sludge  loading  of  more  than  0.15  kg  COD  per 
kg  dry  substance  per  day, 
b)  in  a  second  step,  a  nitrification  is  carried  out 
in  a  biofilmreactor,  ammonium  being  converted 
to  nitrate,  wherein  the  oxygen  concentration  in 
the  water  phase  of  the  nitrifying  reactor  must 
not  fall  below  1  .5  mg  02/l,  and 
c)  in  a  third  step,  a  denitrification  is  carried  out 
in  a  biofilmreactor  using  a  carbon  source, 
wherein  the  first  step  is  carried  out  in  more  than 
one  highly  loaded  plug  flow  reactor,  first  an 
anaerobic  and  then  an  aerobic  treatment  being 
used  in  the  reactors,  and 
wherein  there  is  an  intermediate  settling  tank 
between  the  first  and  second  step. 

2.  Method  for  the  treatment  of  sewage,  wherein  the 
treatment  is  carried  out  with  the  aid  of  three  differ- 
ent  types  of  biomasses  in  separate  bioreactors,  in 
which  method 

a)  in  a  first  step  phosphate  is  removed  by  bio- 
logical  means  and,  at  the  same  time,  the  chem- 
ical  and  biological  oxygen  demand  are  reduced 
in  a  highly  loaded  activated  sludge  system  with 
a  sludge  loading  of  more  than  0.15  kg  COD  per 
kg  dry  substance  per  day, 
b')  in  a  second  step,  a  denitrification  is  carried 
out  in  a  biofilmreactor  using  a  carbon  source, 
c')  in  a  third  step,  a  nitrification  is  carried  out  in 
a  biofilmreactor,  ammonium  being  converted  to 
nitrate, 
wherein  the  oxygen  concentration  in  the  water 
phase  of  the  nitrifying  reactor  must  not  fall 
below  1  .5  mg  02/l,  effluent  of  the  nitrifying  bio- 
reactor  is  recirculated  to  the  denitrifying  biore- 
actor,  and 
wherein  the  first  step  is  carried  out  in  more  than 
one  highly  loaded  plug  flow  reactor,  first  and 

15 
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anaerobic  and  then  an  aerobic  treatment  being 
used  in  the  reactors,  and 
wherein  there  is  an  intermediate  settling  tank 
between  the  first  and  second  step. 

5 
3.  Method  according  to  claim  1  or  2,  wherein  the  den- 

itrification  step  is  fed  with  the  fatty  acids  which  have 
remained  in  the  water  phase  of  acidified  sludge 
from  the  first  step  or  with  an  external  carbon 
source.  10 

4.  Method  according  to  claims  1  -3,  wherein  the  mixing 
in  the  nitrification  step  is  maintained  by  aeration 
under  the  packages  of  support  material. 

15 
5.  Method  according  to  claim  4,  wherein  the  thickness 

of  the  biofilm  on  the  support  material  is  influenced 
by  the  aeration  system  or  the  hydraulic  loading. 

6.  Method  according  to  claim  3,  wherein  a  propeller  20 
stirrer  or  impeller  stirrer  is  used  for  mixing  in  the 
reactor  of  the  denitrifying  step. 

7.  Method  according  to  claims  1-6,  wherein  effluent 
from  the  nitrification  step  is  recycled  to  the  aerated  25 
stage  of  the  first  step  in  order  to  reduce  the  amount 
of  oxygen  introduced  into  the  first  step  and  to 
reduce  denitrification  activity  in  the  denitrification 
step. 

30 
8.  Method  according  to  claims  1  -7,  wherein  discharge 

sludge  from  the  first  step  is  acidified  in  order  to  gen- 
erate  fatty  acids,  which  can  be  used  as  carbon 
source  in  the  denitrification  step. 

35 
9.  Method  according  to  claim  8,  wherein  the  acidified 

discharge  sludge  is  separated  into  a  water  fraction 
and  a  sludge  fraction,  after  which  the  water  fraction 
is  subjected  to  flocculation/precipitation  in  order  to 
precipitate  dissolved  phosphate,  before  adding  the  40 
water  phase,  containing  fatty  acids  dissolved 
therein,  to  the  denitrification  step. 

Patentanspruche 
45 

1.  Verfahren  Zur  Behandlung  von  Abwasser,  wobei 
die  Behandlung  mit  Hilfe  von  drei  verschiedenen 
Typen  von  Biomassen  in  getrennten  Bioreaktoren 
durchgefiihrt  wird  und  in  diesem  Verfahren 

50 
a)  in  einer  ersten  Stufe  Phosphat  durch  biologi- 
sche  Mittel  entfernt  und  gleichzeitig  der  chemi- 
sche  und  biologische  Sauerstoffbedarf  in 
einem  hochbelasteten  Belebtschlammsystem 
mit  einer  Schlammbelastung  von  mehr  als  0,15  55 
kg  CSB  pro  kg  Trockensubstanz  pro  Tag  redu- 
ziert  wird, 
b)  in  einer  zweiten  Stufe  eine  Nitrifikation  in 
einem  Biof  ilmreaktor  durchgefiihrt  wird,  bei  der 

Ammonium  in  Nitrat  umgewandelt  wird,  wobei 
die  Sauerstoffkonzentration  in  der  waBrigen 
Phase  des  Nitrierreaktors  nicht  unter  1,5  mg 
02/l  fallen  darf  und 
c)  in  einer  dritten  Stufe  eine  Denitrifikation  in 
einem  Biofilmreaktor  unter  Einsatz  einer  Koh- 
lenstoffquelle  durchgefiihrt  wird, 
wobei  die  erste  Stufe  in  mehr  als  einem  hoch- 
belasteten  Reaktor  mit  idealer  Stromung 
durchgefiihrt  wird  und  dabei  zuerst  eine  anae- 
robe  und  dann  eine  aerobe  Behandlung  in  den 
Reaktoren  eingesetzt  wird  und  wobei  sich  ein 
Absetztank  zwischen  der  ersten  und  zweiten 
Stufe  bef  indet. 

2.  Verfahren  zur  Behandlung  von  Abwasser,  wobei  die 
Behandlung  mit  Hilfe  von  drei  verschiedenen  Typen 
von  Biomassen  in  getrennten  Bioreaktoren  durch- 
gefiihrt  wird  und  in  diesem  Verfahren 

a)  in  einer  ersten  Stufe  Phosphat  durch  biologi- 
sche  Mittel  entfernt  wird  und  gleichzeitig  der 
chemische  und  biologische  Sauerstoffbedarf  in 
einem  hochbelasteten  Belebtschlammsystem 
mit  einer  Schlammbelastung  von  mehr  als  0,15 
kg  CSB  pro  kg  Trockensubstanz  pro  Tag  redu- 
ziert  wird, 
b')  in  einer  zweiten  Stufe  eine  Denitrifikation  in 
einem  Biofilmreaktor  unter  Einsatz  einer  Koh- 
lenstoffquelle  durchgefiihrt  wird, 
c')  in  einer  dritten  Stufe  eine  Nitrifikation  in 
einem  Biof  ilmreaktor  durchgefiihrt  wird,  bei  der 
Ammonium  in  Nitrat  umgewandelt  wird,  wobei 
die  Sauerstoffkonzentration  in  der  waBrigen 
Phase  des  Nitrierreaktors  nicht  unterhalb  von 
1,5  mg  02/l  fallen  darf,  das  Abwasser  des 
Nitrierbioreaktors  zum  Denitirierbioreaktor 
zuruckgefuhrt  wird  und  wobei  die  erste  Stufe  in 
mehr  als  einem  hochbelasteten  Reaktor  mit 
idealer  Stromung  durchgefiihrt  wird,  wobei 
zuerst  eine  anaerobe  und  dann  eine  aerobe 
Behandlung  in  den  Reaktoren  eingesetzt  wird 
und  wobei  sich  ein  Absetztank  zwischen  der 
ersten  und  zweiten  Stufe  bef  indet. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  die  Deni- 
trifikationsstufe  mit  den  in  der  waBrigen  Phase  des 
angesauerten  Schlamms  aus  der  ersten  Stufe 
zuriickgebliebenen  Fettsauren  oder  mit  einer  exter- 
nen  Kohlenstoffquelle  gespeist  wird. 

4.  Verfahren  nach  den  Anspriichen  1  bis  3,  wobei  das 
Mischen  in  der  Nitrifikationsstufe  durch  Bel  Often 
unter  Packungen  von  Tragermaterial  aufrechterhal- 
ten  wird. 

5.  Verfahren  nach  Anspruch  4,  wobei  die  Dicke  des 
Biofilms  auf  dem  Tragermaterial  durch  das  Beliif- 
tungssystem  oder  durch  die  hydraulische  Bela- 
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stung  beeinfluBt  wird. 

6.  Verfahren  nach  Anspruch  3,  wobei  zum  Mischen  im 
Reaktor  der  Denitrifikationsstufe  ein  Riihrpropeller 
oder  Ruhrflugel  eingesetzt  wird. 

7.  Verfahren  nach  den  Anspriichen  1  bis  6,  wobei  das 
Abwasser  aus  der  Nitrifikationsstufe  in  den  belufte- 
ten  Abschnitt  der  ersten  Stufe  zuruckgefiihrt  wird, 
urn  die  Menge  des  in  die  erste  Stufe  eingebrachten 
Sauerstoffs  und  urn  die  Denitrifikationsaktivitat  in 
der  Denitrifikationsstufe  zu  reduzieren. 

8.  Verfahren  nach  den  Anspriichen  1  bis  7,  wobei  der 
aus  der  ersten  Stufe  abgezogene  Schlamm  ange- 
sauert  wird,  urn  Fettsauren  zu  erzeugen,  die  als 
Kohlenstoffquelle  in  der  Denitrifikationsstufe  einge- 
setzt  werden  konnen. 

9.  Verfahren  nach  Anspruch  8,  wobei  der  angesauerte 
abgezogene  Schlamm  in  eine  Wasserfraktion  und 
in  eine  Schlammfraktion  aufgeteilt  wird  und  danach 
die  Wasserfraktion  einer  Flockung/Fallung  ausge- 
setzt  wird,  urn  gelostes  Phosphat  auszufallen, 
bevor  die  waBrige  Phase,  die  in  ihr  geloste  Fettsau- 
ren  enthalt,  der  Denitrifikationsstufe  hinzugefugt 
wird. 

Revendications 

1.  Procede  de  traitement  des  eaux  d'egout,  dans 
lequel  le  traitement  est  effectue  a  I'aide  de  trois 
types  differents  de  biomasses  dans  des  bioreac- 
teurs  separes,  dans  lequel 

a)  dans  une  premiere  etape,  on  elimine  le 
phosphate  par  des  moyens  biologiques,  et  en 
meme  temps,  les  demandes  chimique  et  biolo- 
gique  d'oxygene  sont  reduites  dans  un  sys- 
teme  de  boues  activees  fortement  charge, 
ayant  une  charge  en  boues  superieure  a  0,15 
kg  de  DCO  par  kg  de  substance  seche  par  jour, 
b)  dans  une  seconde  etape,  on  effectue  une 
nitrification  dans  un  reacteur  a  biofilm,  I'ammo- 
nium  etant  transforme  en  nitrate,  la  concentra- 
tion  en  oxygene  dans  la  phase  aqueuse  du 
reacteur  de  nitrification  ne  devant  pas  descen- 
dre  au  dessous  de  1  ,5  mg  de  02/l,  et 
c)  dans  une  troisieme  etape,  on  effectue  une 
denitrification  dans  un  reacteur  a  biofilm  en  uti- 
lisant  une  source  de  carbone, 
la  premiere  etape  etant  effectuee  dans  plu- 
sieurs  reacteurs  a  ecoulement  ideal  fortement 
charges,  en  utilisant  d'abord  dans  les  reacteurs 
un  traitement  anaerobie  puis  un  traitement 
aerobie,  et 
un  bac  de  decantation  intermediate  etant 
place  entre  la  premiere  et  la  seconde  etape. 

2.  Procede  pour  le  traitement  des  eaux  d'egout,  dans 
lequel  le  traitement  est  effectue  a  I'aide  de  trois 
types  differents  de  biomasses  dans  des  bioreac- 
teurs  separes,  dans  lequel  procede 

5 
a)  dans  une  premiere  etape,  du  phosphate  est 
elimine  par  des  moyens  biologiques,  et  en 
meme  temps  les  demandes  chimique  et  biolo- 
gique  en  oxygene  sont  reduites  dans  un  sys- 

10  teme  a  boues  activees  fortement  charge  ayant 
une  charge  en  boue  superieure  a  0,15  kg  de 
DCO  par  kg  de  substance  seche  par  jour, 
b')  dans  une  seconde  etape,  une  denitrification 
est  effectuee  dans  un  reacteur  a  biofilm  utili- 

15  sant  une  source  de  carbone, 
c')  dans  une  troisieme  etape,  une  nitrification 
est  effectuee  dans  un  reacteur  a  biofilm, 
I'ammonium  etant  transforme  en  nitrate, 
la  concentration  en  oxygene  dans  la  phase 

20  aqueuse  du  reacteur  de  nitrification  ne  devant 
pas  descendre  au-dessous  de  1  ,5  mg  de  02/l, 
I'effluent  du  bioreacteur  de  nitrification  etant 
recycle  dans  le  bioreacteur  de  denitrification,  et 
la  premiere  etape  etant  effectuee  dans  plu- 

25  sieurs  reacteurs  a  ecoulement  ideal  fortement 
charges,  en  utilisant  dans  les  reacteurs  d'abord 
un  traitement  anaerobie,  puis  un  traitement 
aerobie,  et 
un  bac  de  decantation  intermediate  etant 

30  place  entre  la  premiere  et  la  seconde  etapes. 

3.  Procede  selon  les  revendications  1  ou  2,  dans 
lequel  I  'etape  de  denitrification  est  alimentee  par 
les  acides  gras  qui  sont  restes  dans  la  phase 

35  aqueuse  de  la  boue  acidifiee  provenant  de  la  pre- 
miere  etape  ou  par  une  source  de  carbone  externe. 

4.  Procede  selon  les  revendications  1  a  3,  dans  lequel 
le  melange  au  stade  de  la  nitrification  est  maintenu 

40  par  aeration  sous  les  masses  de  matiere  de  sup- 
port. 

5.  Procede  selon  la  revendication  4,  dans  lequel  on 
influe  sur  I'epaisseur  du  biofilm  presente  sur  la 

45  matiere  de  support  au  moyen  du  systeme  d'aera- 
tion  ou  de  la  charge  hydraulique. 

6.  Procede  selon  la  revendication  3,  dans  lequel  un 
agitateur  a  ailettes  ou  un  agitateur  a  helice  est  uti- 

50  Use  pour  le  melange  dans  le  reacteur  de  I'etape  de 
denitrification. 

7.  Procede  selon  les  revendications  1  a  6,  dans  lequel 
I'effluent  provenant  de  I'etape  de  nitrification  est 

55  recycle  au  stade  aere  de  la  premiere  etape  pour 
reduire  la  quantite  d'oxygene  introduite  dans  la  pre- 
miere  etape  et  pour  reduire  I'activite  de  denitrifica- 
tion  dans  I'etape  de  denitrification. 

9 
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Procede  selon  les  revendications  1  a  7,  dans  lequel 
la  boue  evacuee  de  la  premiere  etape  est  acidifiee 
pour  former  des  acides  gras,  qui  peuvent  etre  utili- 
ses  comme  source  de  carbone  dans  I'etape  de 
denitrification.  5 

Procede  selon  la  revendication  8,  dans  lequel  la 
boue  dechargee  acidifiee  est  separee  en  une  frac- 
tion  eau  et  une  fraction  boue,  apres  quoi  la  fraction 
eau  est  soumise  a  une  f  loculation/precipitation  pour  w 
precipiter  le  phosphate  dissous,  avant  d'ajouter  la 
phase  aqueuse  contenant  en  dissolution  des  aci- 
des  gras,  a  I'etape  de  denitrification. 
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